The use of personal protective equipment by veterinary workers during radiographic imaging is inconsistent. While the self-reported use of leaded aprons and thyroid shields approaches 100% in some studies, the use of leaded gloves and eyeglasses is much lower. Previous studies describing personal protective equipment use are based on self-reporting. Objectives of this prospective, observational study were to describe use of leaded personal protective equipment during radiographic imaging by veterinary workers, and to compare observed use with self-reported use.
INTRODUCTION
Ninety to ninety-five percent of veterinarians report performing diagnostic radiographic imaging of small animals, such as dogs and cats, in their practice. [1] [2] [3] [4] Contrary to human medicine, veterinary workers are frequently present in the radiographic room during the X-ray exposure for the purpose of positioning animals. [1] [2] [3] 5, 6 A total of 94% of small animal veterinarians in western Canada reported that they restrain animals for radiographs, and 92% of female veterinary workers in small animal practices in Ontario, Canada reported restraining animals during radiographic imaging. 1, 5 A similar approach to positioning animals for imaging has been described in the United States, where New Jersey veterinarians reported that the 'majority of animals are manually positioned' by workers in their practice, and 76% of female veterinarians who graduated from an American veterinary college reported restraining animals for radiographs. 2, 6 In the New Jersey study, even when sedation or general anesthesia was administered to an animal, 'in almost all cases someone holds it in the proper position for the desired picture. 6 Use of manual restraint is not restricted to North America; 61% of female small animal veterinarians in Australia restrained animals for radiographs at least once a week, while 67% of surveyed small animal veterinary practices in the United Kingdom at times use manual restraint for radiographs. 3, 7 In addition to the common practice of manual restraint of animals during exposure, some veterinary practitioners use older radiographic equipment that lacks features (such as filters, collimators, and fast film techniques) that reduce operator exposure. 4, 6 Given the common use of manual restraint of small animals, which decreases the distance between the worker and the source of ionizing radiation, the use of leaded personal protective equipment by Vet Radiol Ultrasound. 2018;59:137-146.
c 2017 American College of Veterinary Radiology 137 wileyonlinelibrary.com/journal/vru veterinary workers becomes important. Self-reported personal protective equipment use by veterinary workers varies with the type of personal protective equipment, and personal protective equipment is rarely used at all times when workers are present in the radiographic room during an exposure. 3, 5 Female Australian small animal veterinarians reported always or frequently using a lead apron 86% of the time, thyroid shield 53% of the time, and gloves 43% of the time. 3 Small animal veterinarians in western Canada wore no protective equipment while in the radiology room for 37% of radiographic procedures, and about 25% of veterinarians in a New Jersey study reported seldom, if ever, wearing aprons and gloves. 1, 6 A study of Canadian veterinarians who were pregnant or planning pregnancy reported higher percentages of personal protective equipment use; lead aprons were reported to be always worn for 100% of X-ray films, thyroid collars for 92% of films, and gloves for 85% of films. 5 Information on the availability and use of lead eyeglasses in veterinary practices was not found, other than a survey of veterinary clinics in Ohio performed in 1989; lead eyeglasses were not available in any clinic in that study. 8 Personnel dose monitoring devices (film badges) are not consistently worn during radiographic procedures by veterinary workers who have been issued a badge. 5, 9 Out of 701 North Carolina veterinarians surveyed, 63.3% reported always wearing a film badge when taking radiographs, 26.7% sometimes wore a badge, and 10% rarely or never wore a badge. 9 Information on how many of these workers had been issued a badge was not available in this study, however slightly more than one-third of workers who had a badge did not always wear it. Canadian small animal veterinary workers who were pregnant or planning to become pregnant reported wearing a dosimeter more frequently, with 84.7% of workers reporting that they always used their dosimeter, 11.1% sometimes used their dosimeter, and 4.2% rarely used their dosimeter. 5 The first objective was to describe use of leaded personal protective equipment (aprons, thyroid shields, gloves and eyeglasses) and personnel dose monitoring devices by veterinary workers based on direct observation. For personal protective equipment where there was sufficient variability in behavior, this objective also included comparing radiographic studies performed during regular working hours and studies performed after-hours in a veterinary teaching hospital, and examining other factors affecting use of personal protective equipment by veterinary workers. In this teaching hospital, dedicated radiology workers under supervision of a radiologist acquire most diagnostic radiographs during regular working hours, while non-radiology workers without radiologist supervision acquire most radiographs after-hours. Our hypothesis was that the percentage of workers using personal protective equipment was lower after-hours than during regular working hours. Current knowledge on the frequency of use of personal protective equipment by veterinarians during diagnostic radiographic imaging is based solely on self-reported personal protective equipment use, as opposed to direct observation. 1, 3, 5, 6, 8 The second objective was to compare the observed use of personal protective equipment with self-reported use of personal protective equipment by veterinary workers, and our hypothesis was that the self-reported use would be higher than observed use.
MATERIALS AND METHODS

Subjects
The study was a prospective, observational design. The sample was comprised of workers from the Veterinary Medical Center at the Western College of Veterinary Medicine, University of Saskatchewan, who were involved in taking a radiograph of a small animal during a 10-week period between June 2015 and September 2015, and who voluntarily consented to participate in the study. This study was approved on ethical grounds by the University of Saskatchewan Behavioral Ethics Board, protocol BEH 12-204, and workers gave written informed consent prior to use of their data. All decisions for subject inclusion or exclusion were made by an analytical epidemiologist and an American College of Veterinary Radiology board-certified radiation oncologist.
Data recording
Two motion-triggered video cameras (Sony Super Wide Dynamic Range Infrared Dome Camera HTC-T17G28DID, Hunt Electronic, Rancho Cucamonga, CA) were positioned to observe worker behavior and use of personal protective equipment ( Figure 1 ). Cameras recorded color video, were equipped with night vision, and operated over a 10-week period, 24-h a day, in the main radiology imaging room. Approximately 6 months prior to the data collection period, workers were informed that video recordings would be collected for the purpose of a research study comparing actual with reported radiation safety practices. Leaded personal protective equipment available in the radiology room, including aprons with and without attached thyroid shields, thyroid shields, gloves, and standard eyeglasses, had an attenuation equivalent to 0.5 mm of lead, while the glasses designed to be worn over prescription glasses had an attenuation equivalent to 0.75 mm of lead.
All video recordings were examined by a single investigator (a medical school summer research student). For each worker observation, use of a lead apron, a securely closed thyroid shield, gloves, eyeglasses, and a visible personnel dose monitoring device was summarized. Glove use was categorized as gloves used correctly (gloves worn on both hands with hands fully inserted into gloves) or gloves used incorrectly (no gloves worn, or gloves worn in any way other than what was considered to be correct use). Video recordings were examined for personnel dose monitoring devices prior to the workers donning lead protective apparel. Data were also collected on whether the animal was imaged during regular working hours or after-hours, administration of sedatives prior to imaging, appearance of sedation (no voluntary movement by the animal), if the animal was under general anesthesia (presence of an inserted endotracheal tube), species, animal weight, type of radiographic study (abdomen, thorax, extremity, spine, or hip/pelvis), worker contact with the cassette during the exposure, and whether the worker was a spectator (workers were considered a spectator if they had no contact with the animal or the cassette during the X-ray exposure). After-hours was defined as after 5:00 p.m. and before 8:00 a.m. on weekdays, and 24-h a day on weekends and holidays. A radiographic study was considered a set of radiographic images, including one or more views, of a single anatomical location. Workers were F I G U R E 1 Two motion-triggered video cameras (black arrows), equipped with night vision, were installed on the west wall and in the southwest corner of the main radiology imaging room A. Still images captured from the video recordings collected with camera 1 B, and camera 2 C, show two workers acquiring lateral thoracic radiographs of a dog. The video recordings were used to collect data on worker behavior and use of personal protective equipment during radiography [Color figure can be viewed at wileyonlinelibrary.com] categorized as a doctor of veterinary medicine, radiology technologist, non-radiology technologist, or doctor of veterinary medicine student.
For each radiographic view, the total number of X-ray exposures acquired was collected, because more than one exposure may be acquired for a single view. For each X-ray exposure, the presence of visible gloves or human body parts on the image, the number of workers in the room at the time of the exposure, the use of manual restraint (worker hands in contact with the animal at the time of exposure), and the use of material restraint (ropes or sandbags used to restrain animal) were recorded by a medical school summer research student.
At the end of the observational period, workers who were involved in taking a radiograph of a small animal during the 10-week period were approached individually for informed consent, and invited to complete an electronic or hard copy questionnaire. The questionnaire asked workers what personal protective equipment they had been told their employer required them to wear, and how often they wore a personnel dose monitoring device, apron, thyroid shield securely closed around their neck, gloves on both hands with hands inside the gloves, and eyeglasses (always, more than 75% of the time, between 50% and 75% of the time, less than 50% of the time, and never) when taking a radiograph of an animal. Workers were also asked how often they remained in the room during the exposure if not holding the animal or cassette (always, more than 75% of the time, between 50% and 75% of the time, less than 50% of the time, and never). Open text questions were used to identify suggestions to increase use of thyroid shields, gloves, and eyeglasses.
Data analyses
All data analyses were completed by an analytical epidemiologist using commercial software (Stata SE version 14, StataCorp, College Station, TX). The use of personal protective equipment was summarized for each worker for each study completed and animal imaged. The number of exposures per view and maximum number of persons in the room with the animal at the time of the X-ray exposure were summarized for each view for each study completed, for each animal examined.
Generalized estimating equations were used to evaluate the differences between regular working hours and after-hours on whether or not personal protective equipment was used accounting for repeated measures for individual workers. The model included a logit link function, assumed a binomial distribution, and an autoregressive correlation structure. Behavior for each worker was first summarized as to whether the undesirable behavior of interest was observed during at least one exposure obtained for a single study. Desirable behaviors, such as using gloves correctly, were summarized for each worker based on whether or not the behavior was observed during all exposures collected as part of a single study. Behaviors that were reported in less than 5% or more than 95% of studies observed were not examined for important risk factors.
In addition to whether the study was undertaken after-hours, other potential risk factors were considered including: sedation or anesthesia, canine vs. feline, patient weight, study type (thorax, abdomen, spine, hip/pelvis, or extremity), and type of worker (doctor of veterinary medicine, radiology technologist, non-radiology technologist, or doctor of veterinary medicine student). Due to very small numbers, one skull study, three ferret studies, and one reptile study were excluded from the analysis. Complete patient information was not identified for one study and it was also excluded from the analysis.
Initially, the associations between each risk factor and outcome were examined using bivariate or unconditional analysis. A multivariable model was built using stepwise, manual backwards elimination. In addition to the difference between after and regular working hours, only variables that were significant independent risk factors (P < 0.05) or were important confounders were retained in the model. A variable was defined as an important confounder if removing it from the model changed the effect estimate for after-hours by more than 20%.
Risk factors that were very highly correlated were examined in separate models. We examined the potential for biologically plausible interactions between variables retained in the final model where P < 0.05.
Results were reported as odds ratios with 95% confidence limits.
The maximum number of workers in the room per view was examined to see if the number varied between regular working hours and after-hours. The model was built as above with generalized estimating equations adjusting for repeated measures within the same animal using a log link function and assuming a Poisson distribution. The effect estimate was exponentiated and reported as relative difference in counts with 95% confidence limits. The differences between selfreported and observed radiation safety behaviors for each worker were summarized using the Wilcoxon Signed Rank test.
RESULTS
Subjects
A total of 95% (35/37) of workers approached consented to participate and completed the questionnaire. Of these, 31% (11/35) were doctors of veterinary medicine, 31% (11/35) were non-radiology technologists, 26% (9/35) were doctor of veterinary medicine students, and 11% (4/35) were radiology technologists. Median age of the workers was 27 years (range, 22-59 years), and 97% (34/35) of workers were female and 3% (1/35) were male. Just over half (53.1%, 190/358) of the studies observed were collected during regular working hours, and 46.9% (168/358) were collected after-hours. Worker categories for the studies observed during regular working hours were 6.3% (12/190 (79/820) of exposures, and neither was described in 1.8% (15/820) of exposures.
Summary of radiographic studies, direct observations of personal protective equipment use, and image analyses
Factors associated with personal protective equipment use
The differences in after-hours and regular hours use of aprons and thyroid shields (due to the high frequency of use at all times) or eyeglasses (due to very low frequency of use) were not examined due to the limited variability in these outcomes; however, risk factors for correct glove use were examined. In unconditional analysis, correct glove use was significantly more likely for workers during regular hours (vs after hours), when animals were sedated, when imaging a thorax or an extremity (vs an abdomen), and if they were a radiology technologist (Table 1) Table 2 ).
Worker category was not included in the final multivariable analysis because of the high correlation between radiology and non-radiology technologists and regular working hours versus after-hours. Only one observation was made of a radiology technologist after hours and only three observations were made of non-radiology technologists during regular hours. To examine differences between worker types a second multivariable model was built. In this second multivariable model including sedation, species, and study type, doctors of veterinary medicine were less likely to use gloves correctly than radiology technologists (odds ratio 0.10, 95% confidence limits 0.03-0.31, P < 0.001), and non-radiology technologists were also less likely to use gloves correctly than radiology technologists (odds ratio 0.01, 95% confidence limits 0.002-0.10, P < 0.001). There was no significant difference in correct glove use between doctor of veterinary medicine students and radiology technologists (odds ratio 0.58, 95% confidence limits 0.25-1.35, P = 0.21).
To examine the joint effects of worker type and the differences between regular and after-hours behaviors, all technologists were excluded from the data set. The differences in correct glove use between regular hours and after hours workers were examined for doctors of veterinary medicine and doctor of veterinary medicine students, in a multivariable model adjusted for imaging study type. Doctor of veterinary medicine students were more likely than doctors of veterinary medicine to use gloves correctly during regular working hours (odds ratio 7.4) ( Table 3) ; however, there was no significant differences in behavior of doctor of veterinary medicine students and doctors of veterinary medicine after hours (P = 0.24). We found that correct glove use was more frequent during regular working hours than after-hours for both doctors of veterinary medicine (odds ratio 32.7) and doctor of veterinary medicine students (odds ratio 75.1).
Factors associated with number of workers in the room for each view
There were no differences in the number of workers in the room during imaging associated with after hours (P = 0.40), species (P = 0.83), weight (P = 0.58), or study type (P = 0.24) based on unconditional analysis. However, there were significant unconditional differences associated with the use of sedation/anesthesia (P = 0.001) and imaging study type (P = 0.05). In multivariable analysis, the maximum number of workers in the room per view was not significantly different after hours ( Table 4 ). The number of people in the room was significantly lower for both sedation and anesthesia compared to no sedation or anesthesia in the final model ( Table 4 ). The imaging study type was no longer significant (P = 0.64) in the final model.
Self-reported use of personal protective equipment and comparison to directly observed use of personal protective equipment
Workers overestimated the frequency of correct glove use, wearing a dose monitoring device, and the frequency with which they were in the room as a spectator, but underestimated their use of thyroid shields (Table 5) . Eighty-nine percent (31/35) of workers reported using a securely closed thyroid shield 100% of the time, while 11.4% (4/35) of workers reported using a thyroid shield >75% to <100% of the time. Thyroid shields were securely closed for greater than 99% of worker behavior observations. No significant difference between selfreported and observed use of aprons or eyeglasses was found.
Both aprons and thyroid shields are required by the employer. Onehundred percent (35/35) of workers reported that they had been informed that they are required to wear a leaded apron and thyroid shield when taking radiographs. Gloves are also required by the employer, but eyeglasses are not. Notes. CI, confidence interval; DVM, doctor of veterinary medicine; OR, odds ratio; P, P-value. a Calculated adjusting using logistic regression adjusted for repeated measures within individual workers and for differences between imaging study types. 
TA B L E 4 Final multivariable associations between risk factors of interest and the count of the maximum number of workers in the room
DISCUSSION
Our hypothesis that the use of personal protective equipment would be lower after hours than during regular working hours was supported by our findings for correct use of gloves (P < 0.001). Leaded aprons and thyroid shields were worn for more than 99% of studies observed, and eyeglasses were worn for less than 2%, and the use of these forms of personal protective equipment were therefore not examined for risk factors. Our hypothesis that self-reported use of personal protective equipment would be higher than observed use was also supported by our findings for correct glove use (P < 0.001), but not for other types of personal protective equipment.
Overall, lead gloves were not consistently worn by workers in this study. In veterinary radiography, standardized patient positions are needed to obtain images of adequate quality to make a correct diagnosis. 10 This requires workers to position animals symmetrically on their front, back, and sides, and to prevent motion during the exposure. Animals are in a strange environment, often nervous, and may physically resist positioning. Lead gloves with an attenuation equivalent of 0.5 mm of lead are heavy and inflexible, impeding the ability of workers to hold the animals effectively. This unwieldiness was identified by workers in our study as the most common barrier to correct glove use.
There was a dramatic difference (odds ratio 35.9, P < 0.001) in correct use of lead gloves between regular working hours and after hours.
This was in part due to differences between worker types, but also due to other factors. A greater worker awareness of the risks of exposure to ionizing radiation and appropriate personal protective equipment use may have contributed to the increased compliance with glove use seen during regular working hours. Almost all observations of non-radiology technologists were after hours, while the majority of workers during regular hours were radiology technologists, who would be expected to have more training and education in these areas. This expectation was supported by all the radiology technologists correctly answering the questions regarding employer personal protective equipment requirements. In addition, radiology technologists spend more time acquiring radiographs and have more potential for exposure, which may result in their being more likely to use personal protective equipment. However, when both radiology and non-radiology technologists were removed from the analysis, leaving only workers that image animals both during regular working hours and after hours, the increased compliance during regular working hours was still very apparent. This implies that factors other than differences between workers are involved. These factors may include a lack of enforcement of personal protective equipment use during after-hours imaging; during regular working hours, a technologist supervisor and at least one radiologist are present in the workplace, however, neither are present after hours at this workplace.
Role modeling of correct glove use by radiology technologists may also increase correct glove use by doctors of veterinary medicine and doctor of veterinary medicine students during regular working hours. As well, the primary responsibilities of after-hours workers are with animals in the intensive care unit or the hospital's emergency service; time pressures may result in workers minimizing the time spent in radiology, increasing the possibility that they will skip using gloves that hinder their ability to position an animal quickly.
The practice of laying a lead glove over the top of one or both hands during the exposure seems to indicate the worker is aware of the requirement for glove use, despite their decision to not use gloves correctly. Radiation scattered from the animal is the primary source of exposure to a worker located outside of the primary beam. 11 Unless a glove is located between the worker's hand and the animal, it will not attenuate the scatter radiation coming from the animal. Laying a glove over the top of a hand would not provide an effective barrier, and this information should be incorporated into radiation safety training given that some workers used gloves in this manner.
Other factors that affected correct use of gloves by workers included species and study type. Cats are difficult to restrain due to their strength and agility, and their smaller-sized extremities are difficult to grasp through thick gloves. Workers were less likely to use gloves correctly when imaging an abdomen than a thorax or an extremity. A possible explanation is that a worker's hands may be located farther away from the primary field during abdominal radiographs, and workers may perceive their risk as lower due to the decrease in dose with increasing distance.
Restrainers not wearing leaded personal protective equipment during small animal radiographic imaging receive scatter radiation doses in the order of microsieverts. 11, 12 The dose to a worker located approximately 50 cm from the patient during the radiograph of a dog abdomen has been estimated to be 30 microsieverts. 11 Even a worker who frequently radiographs animals without using gloves would not approach the International Commission on Radiological Protection recommended annual equivalent dose limit of 500 millisieverts to the hands or skin. However, the principle of radiation safety is that dose to workers should be kept as low as reasonably achievable, and unnecessary dose should be avoided. 13 Leaded gloves reduce dose from scatter radiation by 93% to 100%, warranting their use by workers. 12 Veterinary radiation safety recommendations include sedation or general anesthesia of animals to increase glove use and to reduce the number of workers in the radiology room at the time of exposure. 10 The intent of the use of sedation or anesthesia is crucial; if the intent is solely to avoid a physical struggle with an animal, then worker exposure is less likely to be reduced. Alternatively, if workers use sedation or anesthesia with the intent to increase glove use, or to leave the room, and utilize material restraint of the animal to achieve this purpose, worker exposure will be reduced. We found that there were less workers in the room when animals were sedated or anesthetized, supporting the use of sedation or anesthesia to decrease radiation exposure. Sedation or anesthesia for radiographic imaging is not consistently used by veterinarians. 5, 6 At this workplace, common practice is to use sedation when animals resist initial attempts at positioning, as opposed to preemptive use to reduce worker radiation exposure. Less than one-third of animals were sedated for imaging in this study; reasons that a doctor of veterinary medicine may decide not to sedate an animal for imaging include increased cost to the owner, risk to the animal, and the need to monitor respiratory and cardiac parameters. We did not find that the use of sedation or anesthesia increased the frequency of correct glove use, again likely because this was not the primary intent of using sedation or anesthesia.
In 2012, the International Commission on Radiological Protection proposed a threshold dose of 0.5 Gy for cataracts in the lens of the eye irrespective of the rate of dose delivery, based on recent studies after long follow-up periods. 14 This is much lower than their earlier threshold dose of 5 Gy for acute exposures and >8 Gy for highly fractionated or protracted exposures. 15 The 2012 report recommended that the equivalent dose limit to the lens for occupational exposure be reduced from 150mSv to 20mSv/year, and it is now conceivable that a veterinary worker who frequently takes radiographs could approach or exceed the dose limit. 14, 16 Over time as this recommendation is adopted into radiation legislation, use of leaded eyeglasses may become a requirement for veterinary workers.
Published studies reporting the frequency of use of personal protective equipment and personnel dose monitoring devices by veterinary workers taking diagnostic radiographs have relied on selfreporting. 1, 3, 5, 6, 8, 9 In this study, the observed use of lead gloves was significantly lower than the self-reported use. This finding suggests that self-reporting overestimates worker use of lead gloves during radiographic procedures. Workers were aware that their behaviors had been recorded on video camera at the time that they completed the questionnaire, suggesting that the overestimation was unintentional.
Training on employer-required personal protective equipment varies by worker type at this hospital. The doctor of veterinary medicine student curriculum includes radiation safety in the second and third year, and students are also informed of required personal Workers also overestimated their use of a dose monitoring device, with a median self-reported estimate of >50% to ≤75%, and an observed median of 0%. Our findings regarding use of dose monitoring devices should be interpreted with some caution, given that only film badges that were visible on the video recordings could be counted.
Film badges with a clip to attach them to clothing between the worker's waist and neck are used at this workplace. It is possible that some workers wore film badges in locations that were not visible, such as underneath a layer of clothing, or inside a pocket. However, it is common practice to clip the badges on the outer pockets of surgical scrubs or lab coats, where they would have been visible. Four workers slightly underestimated their use of thyroid shields, possibly because almost all workers used thyroid shields that were attached to aprons, and since it was not a separate piece of personal protective equipment that they had to don, they may have been less likely to remember its use. The agreement between self-reported and observed use of aprons and eyeglasses was not surprising given that aprons were always worn, while eyeglasses were almost never worn.
A limitation of this study is that it represents worker behavior in a single workplace at an academic institution. However, the after-hours condition has similar features to small animal private practice; workers take radiographs with limited supervision, workers' primary responsibilities lie outside of radiography, and radiographs are taken by different worker types. A survey of 331 veterinary workers in private practice in the province of Saskatchewan found comparable self-reported use of leaded aprons, thyroid shields, and eyeglasses to our study; 98% of workers always wore an apron, 88% of workers always wore a thyroid shield, and 3% of workers always wore eyeglasses. 17 Similar to our findings, workers in the Saskatchewan survey reported not wearing leaded gloves consistently; 67% percent (217/327) of workers used gloves correctly less than 50% of the time, and 11% (35/327) never used gloves.
Workers were aware that video recordings were being collected to study radiation safety practices, and this may have introduced a form of bias. We would expect that this awareness would increase use of personal protective equipment, so it is possible that our results overestimate use of personal protective equipment.
The more consistent use of leaded gloves during regular working hours shows that it is possible to acquire adequate quality images of most patients while wearing leaded gloves, however, the after-hours glove use in this study and the self-reported glove use by Saskatchewan veterinary workers show that wearing gloves is not common practice in a typical veterinary setting. 17 The most common suggestion by workers to increase use of leaded gloves in both studies was to make them less cumbersome, and this is not possible without decreasing the radiation attenuation that the gloves provide. Gloves impede the ability of workers to perform their job, and this may limit the effect that training on the risks of ionizing radiation exposure and appropriate personal protective equipment use will have. Based on our findings and previous studies, it is possible that mandatory removal of workers from the radiology room will be necessary to consistently meet the concept of as low as reasonably achievable for ionizing radiation exposure in veterinary hospitals.
In conclusion, lead gloves were not consistently used by veterinary workers, and workers were 36 times more likely to use gloves correctly during regular working hours than after-hours. Furthermore, use of lead gloves was overestimated by self-reporting. Use of sedation or anesthesia reduced worker exposure to ionizing radiation. 
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